Two new species of Uromyces with reticulated teliospores are compared with nine species of this genus known from Loranthaceae. The new species Uromyces bahiensis from Brazil has smaller spores than all known species of Uromyces with reticulate teliospores on Loranthaceae. Uromyces struthanthi from Panama is characterized by long teliospore pedicels and spinose-echinulate aecidiospores. In addition, new details of ornamentation of aecidiospores and teliospores of known species are presented.
INTRODUCTION
Pucciniales are the largest order of plant parasitic fungi in the Basidiomycota, including about 9000 species. Nevertheless, numerous unknown species are supposed to exist, especially in the tropics (Shivas & Hyde, 1997) . The genus Puccinia has the greatest number of species and Uromyces is the second largest genus of rust fungi. It includes more than 600 species and despite its high relevance it has not yet been monographed. Uromyces spp. differ morphologically from Puccinia spp. only by having 1-celled teliospores (Cummins & Hiratsuka, 2003) . This characteristic, however, has probably arisen independently several times in Pucciniaceae and alone is not sufficient for recognizing a monophyletic genus (van der Merwe et al., 2007) . Uromyces species parasitise monocots and dicots throughout the world. More Uromyces species have been recorded from the Asteraceae, Euphorbiaceae, Fabaceae, Liliaceae, and Poaceae, than for other host families. Among the plant families that include hosts of Uromyces is the family Loranthaceae. It comprises more than 900 species of hemiparasitic shrubs. Most species occur in tropical and subtropical areas of Africa, America, Asia, and Europe, where they live on the stems or branches of their host plants (Vidal-Russell & Nickrent, 2008) . Nine species of Uromyces are known to have Loranthaceae as host, namely Uromyces circumscriptus Neger, Uromyces euphlebius Syd. & P. Syd., Uromyces evastigatus Cummins, Uromyces loranthi H. S. Jacks., Uromyces nilagiricus T. S. Ramakr. & K. Ramakr., Uromyces ornatipes Arthur, Uromyces phthirusae Mayor, Uromyces socius Arthur & Holw., and Uromyces urbanianus Henn. Here this group of species is reexamined and two novel species of Uromyces occurring on this family are described.
MATERIAL AND METHODS
One specimen collected in the province of Chiriquí in Western Panama in 2003 was provided for this study by R. Kirschner and deposited at the Herbario Nacional of the Universidad de Panama (PMA) and at the Botanische Staatssammlung München (M) in Germany. The identification of the host plant for the new species is based on Kuiji (1978) and was compared with specimens available in the National Herbarium in Panama City (PMA). The other specimens cited below were loaned from the herbaria BPI and PUR. Uromyces nilagiricus was described from India, but no herbarium specimen could be located. Therefore, only the description published by Ramakrishnan & Ramakrishnan (1950) was used.
Spores and handmade sections of sori were mounted in lactophenol and heated to boiling. They were examined with a Leitz Ortholux II light microscope (LM). Sizes in the species descriptions are based on at least 25 measurements of each structure. For scanning electron microscopy (SEM), air-dried material was mounted directly onto a specimen stub, sputtered with gold for 60 sec, and examined with a Hitachi S 4500 scanning electron microscope. Images were processed with Digital Image System 2.5. The terminology proposed by Cummins & Hiratsuka (2003) was used to describe the life-cycle states.
RESULTS AND DISCUSSION
Ten species, including two new species of Uromyces on Loranthaceae are described and illustrated based on an investigation of herbarium material. The main morphological characteristics of these eleven species are summarized in Table1, including U. nilagiricus from India. The known distribution of most Uromyces species on Loranthaceae is restricted to Mexico, Central and South America, according to the data currently available. The Loranthaceae are assumed to have evolved on the Gondwana continent before the separation of South America and Africa (Vidal-Russel & Nickrent, 2008) . The specific geographical distribution of Uromyces species on Loranthaceae might, therefore, be explained by one or few jumps of rust fungi onto species of Loranthaceae from other host families after the separation of South America from Africa. Lindquist, 1982; Mendes et al., 1998; Mujica & Vergara, 1945; Mujica & Oehrens, 1967) .
Uromyces bahiensis
Distribution. Known from Argentina, Brazil, and Chile Lindquist, 1982; Mendes et al., 1998; Mujica & Vergara, 1945; Mujica & Oehrens, 1967 Spermogonia and Aecidia unknown. Uredinia amphigenous, subepidermal, in groups of 2-4 mm diam., cinnamon-brown, pulverulent, ruptured epidermis conspicuous. Urediniospores ellipsoidal to oblongellipsoidal, (42-) 44-49 (-52) × (21-) 22-25 (-26) µm, wall golden-brown, sparsely echinulate, 2-2.5 µm thick, germ pores 4 equatorial. Pedicels persistent or deciduous, .
Known only for Mexico 1-celled, oblong-ellipsoidal, (40-) 41-48 (-52) × (16-) 20-24 (-25) µm, lateral wall 2-3 µm thick, distal wall 6-9 µm thick, chestnut-brown, reticulate, germ pores not observed. Pedicels persistent, cylindrical, smooth, thin-walled, hyaline, 10-47 × 6-7 µm. Basidia and basidiospores not observed.
On Phthirusa pyrifolia (Kunth) Eichler (Cummins & Stevenson, 1956) .
Distribution. Known only from El Salvador (Cummins & Stevenson, 1956 
. D. & M.M. Holway 1358 [II, III] (PUR F2697).
Spermogonia and aecidia not seen. Uredinia amphigenous, subepidermal, in groups, on small cinnamonbrown spots, 1.5-3 mm diam., pulverulent, ruptured epidermis conspicuous and persistent. Paraphyses 40-50 × 5-7 µm, cylindrical, aseptate, smooth, persistent, thinwalled, hyaline to slightly yellowish. Urediniospores ellipsoidal or obovoid, (30-) 33-40 (-42) × (22-) 23-29 (-38) µm, light cinnamon-brown, finely and sparsely echinulate, 1-1.5 µm thick, spines abundant, germ pores 4 equatorial. Pedicels persistent or deciduous, cylindrical, smooth, thin-walled, hyaline, 10-13 × 3-5 µm. Telia amphigenous, mostly abaxial, subepidermal, in small brown spots, 0.8-1 mm diam., in 2-3 mm diam. groups, flattened to globoid, pulverulent, ruptured epidermis conspicuous. Teliospores 1-celled, oblong to ellipsoidal, (25-) 26-42 (-45) × (19-) 20-23 (-24) µm, lateral wall 1.5-2 µm thick, distal wall 6-8 µm thick, yellowish to hyaline, smooth to finely-densely verrucose, germ pores not observed. Pedicels persistent, cylindrical, smooth, thin-walled, hyaline, 8-10 (-15) × (3-) 4-5 µm. Basidia and basidiospores not observed.
On Loranthus sp. Jackson, 1927; Mendes et al., 1998) .
Distribution. Known only from Brazil Jackson, 1927; Mendes et al., 1998) .
Remarks. Uromyces loranthi differs from U. euphlebius, U. ornatipes, and Uromyces socius by the ornamentation of the teliospores which are not arranged in lines. Additionally, U. loranthi differs from U. circumscriptus, U. evastigatus, and U. urbanianus by having smaller teliospores. The paraphyses of U. loranthi are reported, described and illustrated here for the first time. As no material is available, the following description is taken from Ramakrishnan & Ramakrishnan (1950 On Loranthus sp. (Ramakrishnan & Ramakrishnan, 1950) .
Distribution. Only known from India (Ramakrishnan & Ramakrishnan, 1950) .
Remarks. According to Ramakrishnan & Ramakrishnan (1950) the pycnidia and aecidia occur in swollen concavo-convex areas. The convexity may be oriented towards either surface. The aecidia are projected as short white columns with lacerated and recurved margins. The telia are not on the same spots as aecidia but occur on the same leaf. The wall of the teliospore is completely smooth as seen with the oil immersion objective.
According to Ramakrishnan & Ramakrishnan (1950) U. nilagiricus is characterized by long teliospore pedicels and smooth teliospores. Thereby, it apparently differs from all other species of Uromyces on Loranthaceae. In order to confirm this species concept, it is necessary to locate and examine the type material or to designate a neotype. To date this is the only species of Uromyces on Loranthaceae known outside the Americas. Uromyces ornatipes Arth., Bull. Torrey Club 42: 586. 1915. (Figures 2 D, 3 C, Spermogonia not seen. Aecidia amphigenous, 0.5-1 mm diam., subepidermal, erumpent, pulverulent, hyaline. Peridial cells (25-) 26-32 (-33) × (18-) 19-21 (-23) µm, rhomboidal, overlapping, outer wall smooth, inner wall verrucose. Aecidiospores catenulate, angular, globoid or ellipsoidal, (24-) 26-32 (-35) × 22-26 (-28) µm, verrucose, or very inconspicuously verrucose, hyaline. Uredinia few, amphigenous, subepidermal, on spots of 1.5-3 mm diam., brown, pulverulent, ruptured epidermis conspicuous. Urediniospores ellipsoidal, (25-) 26-32 (-33) × (20-) 21-24 (-25) µm, wall golden-brown, echinulate, 1.5-2.5 µm thick, germ pores indistinct. Pedicels deciduous. Telia amphigenous, subepidermal, in small yellowish-brown spots, 0.3-0.6 mm diam., blackish to brown, subpulverulent, ruptured epidermis conspicuous. Teliospores 1-celled, ellipsoidal, (34-) 35-39 (-40) × (23-) 25-28 (-29) µm, lateral wall 2-2.5 µm thick, distal wall 5-7 µm thick, dark chocolate brown, often opaque, surface longitudinally rugose-striate, germ pores not observed. Pedicels persistent, cylindrical, smooth, thin-walled, hyaline, 60-70 × 7-9 µm, wider (10-14 µm) towards the base which is strongly transversely rugose. Basidia and basidiospores not observed.
On Phrygilanthus sonorae Standl. [= Loranthus sonorae (S. Watson) Standl.] (Arthur, 1915; .
Distribution. Only known from Mexico (Arthur, 1915; .
Additional specimen examined. MEXICO: Baja California. On Phrygilanthus sonorae, 14 March 1966, Lightle & Gill 1-66 [I, II, III] (PUR 60498).
Remarks. Uromyces ornatipes differs from all other species of Uromyces on Loranthaceae by having pedicels which are smooth to strongly rugose. Furthermore, U. ornatipes is the only species with a longitudinally rugosestriate ornamentation of the teliospores.
Uromyces phthirusae Mayor ex Jackson, as "phtirusae", Mém. Soc. Neuchât. De Sc. Nat. 5: 448. 1913. (Figures 2 E, 3 D, 5 I-L, 6 19-21) .
Uredo phthirusae (Mayor) Buriticá, in Buriticá & Pardo-Cardona, Revta Acad. Colomb. Cienc. Exact. Fís. Nat. 20: 218. 1996 20-24 (-27) µm, wall light cinnamon-brown, longitudinally ridged to striate, 1-1.5 µm thick, with 4 equatorial germ pores. Pedicels deciduous. Telia amphigenous, subepidermal, on small yellowish-brown spots, 0.8-1 mm diam., grouped in areas of 1-3 mm diam., pale brown, pulverulent, ruptured epidermis conspicuous. Teliospores 1-celled, ellipsoidal to oblongellipsoidal, (35-) 38-46 (-53) × (17-) 20-25 (-26) µm, lateral wall 3-4 µm thick, distal wall ca. 5 µm thick, brown, surface reticulate, with very fine ornamentation and an apical germ pore. Pedicels persistent, cylindrical, smooth, thin-walled, hyaline, short, 8-10 × 4-5 µm. Basidia and basidiospores not observed.
On Phthirusa pyrifolia (Kunth) Eichler Dennis, 1970; Kern et al., 1933; Pardo Cardona, 1994) .
Distribution. Known only in Colombia Dennis, 1970; Kern et al., 1933; Pardo Cardona, 1994 Remarks. Uromyces phthirusae differs from most species of Uromyces on Loranthaceae by having sparse verrucose aecidiospores and urediniospores which are longitudinally ridged to striate with four equatorial germ pores. Under SEM, a very fine reticulate ornamentation on the surface of teliospores of U. phthirusae was observed. This type of ornamentation is reported here for the first time for teliospores of a species of Uromyces. The aecidiospores of U. phthirusae are reported, described, and illustrated here for the first time.
Uromyces socius Arth. & Holw., Am. J. Bot. 5: 437. 1918 . (Figures 2 F, 3 
